Abstract -The present study was carried out in Northeastern Region of Brazil, in order to investigate the use of stingless bee Melipona subnitida Ducke in the pollination of greenhouse sweet pepper (Capsicum annuum L.). Treatments of hand cross-pollination, hand self-pollination, pollination by bees and restricted pollination were performed. Results showed that despite sweet pepper flowers are considered autogamous, this crop benefits from pollination by M. subnitida, producing fruits significantly heavier and wider, containing a greater number of seeds and of better quality (lower percentage of malformed fruits) than self-pollinated sweet pepper. Thus, M. subnitida can be considered an efficient pollinator of greenhouse sweet pepper.
Introduction
Sweet pepper (Capsicum annuum L.) is cultivated and consumed around the world. Its major producers are United States, Mexico, Italy, Japan, India and Brazil, where this crop has economic importance (Silva et al., 1999; Nannetti, 2001) . Although it can be cultivated in open fields, in tropical climates, sweet pepper is largely grown in greenhouses, where its cycle is extended, leading to rises in productivity. Due to its tropical origin, sweet pepper is especially susceptible to cold seasons at the seedling stage, though fruit set is higher at milder temperatures (19°C to 21°C) (Reifschneider, 2000) .
Cultivating sweet pepper in greenhouses also allows production all year round, best management practices, better fruit quality control, lesser or no use of pesticides, earlier harvesting and superior uniformity of fruits (Reifschneider, 2000; Nannetti, 2001) .
Interest in sweet pepper pollination has been risen recently, due to the need for adequate pollination levels in an environment such as greenhouses, where insects including floral visitors are excluded. Sweet pepper flowers, like those of most cultivated Solanaceae, are pendent from leaf axils, show a white corolla, five to seven stamens containing 1.0 to 1.5 mg of pollen, and one central style with a round sticky stigma on its top. Anthers are tubular, and dehiscence occurs through lateral opening. Both flower anthesis and anther dehiscence take place in the morning, between 7h and 9h (Silva et al., 1999; Dag & Kammer, 2001; Cruz, 2003) . Although sweet pepper flowers are largely self-pollinated, it seems that introducing pollinators such as bees have a positive effect on fruit quality (McGregor, 1976; Jarlan et al., 1997) . Rasmussen (1985) studied sweet pepper plants and assessed the use of manual pollination, electric pollination, and pollination using the solitary bee Megachile rotundata, and concluded that these three pollination methods resulted in better fruit set than using self-pollination.
There are few studies on sweet pepper pollination (Shipp et al., 1994; Jarlan et al., 1997; Meisels & Chiasson, 1997; Dag & Kammer, 2001) , and the role of stingless bees in setting fruits of this crop is unknown. However, Heard (1999) stated that flowers of sweet pepper may be partially pollinated by stingless bees. This assertion was reinforced by Free (1993) , who also reported workers of Trigona angustula visiting flowers of sweet pepper in Brazil, and listed this stingless bee species as a potential pollinator of C. annuum. The stingless bee Melipona subnitida Ducke (Hymenoptera: Apidae) is an endangered endemic species in NE Brazil, and its use as crop pollinator could help to preserve the species (Zanella, 1999) .
This study aimed at investigating the potential use of stingless bee Melipona subnitida to pollinate flowers of sweet pepper grown in greenhouse.
Material and Methods
The Experiments were run in a 165.5 m 2 greenhouse, where 306 sweet pepper plants of the variety All Big were introduced in clay pots, spaced 0.60x0.40 m. The greenhouse was divided in two equal parts, where one half was occupied by plots using restricted pollination treatment, and the other half was occupied by the remaining treatments together with two M. subnitida colonies. Clay pots contained organic matter with naturally enriched soil mixed with cattle manure, in a proportion of 50% each one. Moreover, plants received 10 g of an equal mixture of urea and potassium chlorate, and 7 g of simple superphosphate per pot.
All Big is an open pollination variety largely used by small growers. Two colonies of M. subnitida Ducke were placed in the greenhouse, when sweet pepper plants begun blossoming, and after a seven-day period of adaptation, experiments were initiated by marking 226 flower buds before anthesis, to be used in four treatments, as described below.
In the hand cross-pollination, 50 flower buds were marked and bagged with fine muslin bags (mesh 1x1 mm). After anthesis, flowers were unbagged and hand-pollinated with pollen from flowers of other plants, by touching the flower stigma with a stamen of fresh dehisced pollen grains. Then, flowers were rebagged. Hand self-pollination consisted of the same procedure described above, and used 66 flowers, differing only in the fact that pollen grains of the same plant was used. In the treatment pollination by bees, each one of the 60 marked flowers were unbagged until it received one M. subnitida visit, then the flower was rebagged to prevent further visitation. Restricted pollination (selfpollination) consisted of 50 bagged flowers.
Five parameters were evaluated in this experiment: fruit set, fruit weight, fruit size, average number of seeds per fruit and percentage of fruit malformation. Fruit set was checked 15 days after flower manipulation. Fruits at maturation stage (approximately 30 days after pollination) were weighed, and malformed fruits were counted. The length and width of each fruit was measured with a paquimeter, and then the fruits were opened and the number of seeds was counted.
Fruit weight, fruit size and number of seeds data were analyzed using ANOVA, and means were compared by Tukey test. Fruit set and fruit malformation data were analyzed using a nonparametric Kruskal-Wallis test, due to the binomial character of data (set fruit = 1 and no set fruit = 0, or normal = 1 and malformed = 0). The experimental design was in random blocks and all trials were submitted to the same conditions.
Results and Discussion
The four pollination treatments tested in this experiment set fruits, and there were no significant differences (χ² = 1.843, df = 3, p>0.05) among them (Table 1) . Fruit set originating from flower visits by Melipona subnitida did not differ from any of the other three treatments tested in this experiment. Although not a surprising outcome, since sweet pepper is a self-pollinated species (McGregor, 1976; Rasmussen, 1985) , increments in productivity following bee visits have been reported in other autogamous crops, such as cotton (Gossypium hirsutum), beans (Phaseolus vulgaris) and tomatoes (Lycopersicum esculentum) (Spangler & Moffett, 1977; Cribb, 1990; Dag & Kammer, 2001 ). Ruijter et al. (1991) did not also find increments in fruit set of greenhouse sweet pepper, using honey bees (Apis mellifera) as pollinators. Self-pollination in sweet pepper seems to be sufficient to maximise fruit production, and the use of pollinating agents cannot increase the number of fruits set.
There were significant differences on the weight of fruits from the four treatments. Hand cross-pollination and pollination by bees produced heavier fruits than selfpollination (Table 2) . Shipp et al. (1994) also worked with greenhouse sweet pepper and found similar results using the solitary bees Osmia cornifrons and Megachile rotundata, and the highly social A. mellifera; Dag & Kammer (2001) obtained increments in fruit weight, when using either A. mellifera or Bombus terrestris to pollinate greenhouse sweet pepper, compared with a treatment without bees. Thus, it seems that bee visits to sweet pepper flowers are necessary to ensure maximum fruit weight. In this experiment, such result could be expected, because All Big is an open-pollinated variety instead of a homozygous line produced by self-pollination.
Fruit length did not differ among treatments, but fruit diameter showed significant differences between them. The average fruit diameter of hand cross-pollination and pollination by bees treatments were significantly greater than that of the treatment with restricted pollination (Table 2) . Jarlan et al. (1997) obtained heavier and longer sweet pepper fruits, using the fly Eristalis tenax as pollinator, and Shipp et al. (1994) observed increments in the proportion of large and extra-large sweet pepper fruits following visits by O. cornifrons, M. rotundata or A. mellifera. Because the shape of sweet pepper fruits varies according to the variety, it is possible that fruits of some varieties could be affected differently by the type of pollination they receive.
The number of seeds per fruit differed significantly between treatments. Hand cross-pollination, pollination by bees and hand self-pollination treatments showed higher number of seeds than restricted pollination (Table 2) . Similar result was observed by Meisels & Chiasson (1997) , in the pollination of sweet pepper flowers by B. impatiens, in greenhouse. Increments in the number of seeds per fruit, after using bees as pollinators, are well documented in the literature for different crops (Williams et al., 1987; Free, 1993; Richards, 2001 ). In the case of the All Big sweet pepper variety, our results showed that seed growers could use M. subnitida to increase seed production.
Seeds play an important role in fruit setting process, since bad developed fruits are the result of an unequal seed distribution inside the fruit (Janick, 1966) . Thus, in a well-pollinated flower occurs a rapid development of ovary, and the fecundated seeds produce plant growth hormones, leading to a good fruit development. However, auxin stimuli on the establishment of fruits are related to pollen itself, and to ovary production that is stimulated by pollination (Ferri, 1985) .
There were significant differences in the percentage of malformed fruits among the four treatments (Table 3) . Fruits originating from the hand cross-pollination and pollination by bees treatments showed the lower number of malformed fruits (χ 2 = 13.09, df = 3, p<0.05). Some authors (Tukey, 1936; Free, 1993) have shown that inadequate pollination increases percentage of malformed fruits. Various causes can be pointed out for inadequate pollination such as insufficient pollen Table 1 . Sweet pepper (Capsicum annuum L.) fruit set originated from hand self-pollination, hand cross-pollination, pollination by Melipona subnitida and self-pollination (restricted pollination) (1) .
(1) Means not followed by the same letter, in a column, differ at p<0.05 (χ 2 = 1.843, df = 3).
(1) Means not followed by the same letter, in the columns, differ at p<0.05 (Tukey-b test) . Table 2 . Number of seeds per fruit, weight, length and diameter of sweet pepper (Capsicum annuum L.) fruits originated from hand self-pollination, hand cross-pollination, pollination by Melipona subnitida and self-pollination (restricted pollination) (1) . deposition on stigma, low pollen viability or compatibility, environmental or nutritional conditions, water shortage etc. In our experiment, temperatures inside the greenhouse were elevated (up to 33°C), but all treatments were under these same conditions, and low percentage of malformed fruits, observed in the treatments hand cross-pollination and pollination by bees, showed that temperature was not detrimental to fruit quality.
The effect of number of pollen grains deposited, and pollen compatibility in seed set and fruit quality should be better studied in this crop. The treatments hand crosspollination and pollination by bees (M. subnitida) produced the higher number of seeds set and lower percentage of malformed fruits, suggesting that a great number of viable, compatible pollen was placed on the flower stigmas. Hand self-pollination also set a high number of seeds, but produced a high percentage of deformed fruits, while self-pollination set the smaller number of seeds and produced a high percentage of malformed fruits, in accordance to Ruijter et al. (1991) .
It probably happens because M. subnitida deposited a great number of viable pollen grains on the stigmas of sweet pepper flower, assuring many seeds set per fruit. More seeds developing inside each fruit would lead to bigger and heavier fruits, and reduce the percentage of malformed ones.
Conclusion
1. The use of M. subnitida as greenhouse sweet pepper pollinator cannot increase fruit set.
2. M. subnitida is a very efficient species to increase fruit weight, number of seeds and to reduce fruit malformation, if compared to the traditional system of greenhouse cultivation of sweet pepper without bees. Table 3 . Percentage of malformed sweet pepper (Capsicum annuum L.) fruits originated from hand self-pollination, hand cross-pollination, pollination by Melipona subnitida and selfpollination (restricted pollination) (1) .
